The Israeli population of Eurasian otter (Lutra lutra) marks the Palearctic southern boundary of the species' distribution in the Levant. During the 20th century, the otter population in Israel experienced a dramatic decline due to anthropogenic habitat alterations. Currently, the otter population in Israel is estimated at about 100 individuals and defined as "Critically Endangered". The aim of this research was to characterize the Israeli otter population in order to determine its genetic diversity and fragmentation state for conservation purposes. Monitoring spraint sites during 2000-2011 along active and historic otter distribution regions indicate both stable and unstable otter subpopulations, mainly along the Jordan River. Four otter subpopulations, representing 57 individuals, were characterized by 12 microsatellites, previously used to characterize the European otter populations. The genetic results indicated three subpopulations correlating with three geographical regions: the Hula Valley, Sea of Galilee, and the Harod Valley. A moderate genetic diversity (F st = 0.087-0.123) was found among the subpopulations, suggesting sporadic interactions between individuals from distinct geographical locations along the Jordan Rift Valley. The Israeli otter population was found to be very small, demographically remote and genetically distinct, harboring unique alleles absent from the studied European populations. Therefore, immediate conservation actions are recommended to prevent the deterioration of the isolated, unique, and critically endangered otter population in Israel.
The distribution of the Eurasian otter (Lutra lutra) is mostly Palearctic, with Israel marking the southern boundary of its range in the Levant RuizOlmo et al. 2008 ). Its habitat is composed of wetlands such as rivers with clean running water and thick brush on their banks, as well as water reservoirs adjacent to these streams, and fishponds (Kruuk 2006) . Israel is located in a semi-arid region, where wetlands are found only along the drainage basin of streams in the northern Jordan Rift Valley, dictating available habitats for the otter. Until the mid-20th century, otters were abundant in Israel in all coastal rivers extending from the Lebanese border to the Tel-Aviv region, as well as along the Jordan River Basin from its source to the Dead Sea, including the Hula Lake and the shores of the Sea of Galilee. The Harod and Yisrael Valleys served as a corridor between the Jordan River catchments and the coastal plain populations . During the last century, rapid human population growth, agriculture, and urbanization caused fragmentation and reduction in natural habitats. These changes led to a decrease in the population size of many wildlife species, including the Eurasian otter. Since the 1960s, the otter population has undergone a dramatic decline due to elimination of wetland habitats, illegal hunting, water pollution, drainage of water sources (Mendelson and Yom-Tov 1999) , and road kills (Guter et al. 2005) . The last evidence of otter activity in the coastal plains was recorded at the end of the 1980s, and the otter has been considered to be extinct in this region ever since (Shalmon 1994) . The eastern distribution of the otter population in Israel surrounds the main natural water reservoirs: the Sea of Galilee and the Jordan River. These water bodies support the largest otter population in Israel and serve as an ecological corridor by connecting the upper Galilee, the Golan Heights, and the Beit-She'an Valley through the natural water system (Guter 2004; Dolev et al. 2006) . However, recent development activities, including replacement of the open trenches with closed pipes, have damaged the routes of migration and reduced available food (Guter and Dolev 2009) .
A similar process was reported in Europe, where otter populations have suffered a major decline in range and numbers since the 1950s, and the species is now considered endangered (Macdonald and Mason 1994; Mason and Macdonald 2004) . Several factors promoted this decline, including water pollution, loss of habitat, poaching, and road kills. For example, during the 1960s, otter populations in Denmark, France, and Britain vanished from multiple regions, leaving small remote areas with diminutive remnant populations (Chanin and Jefferies 1978; Lode 1993; Pertoldi et al. 2001 ). An awareness of this situation by scientists and governments in Europe has encouraged research and enhanced knowledge relative to the ecology and genetics of the surviving otter populations (Dallas et al. 2002; Pertoldi et al. 2001; Hajkova et al. 2007; Lanszki et al. 2008; Mucci 2008 ). This increased information has supported conservation actions, including reintroductions of otters to the wild (Randi et al. 2003; Mucci et al. 2010) .
In 1986, Macdonald and Mason (1986) estimated the otter population in Israel at about 100 individuals, and there has been no new population size estimation since then (Dolev and Perevolotsky 2004; Guter 2004) . Therefore, currently the Eurasian otter is listed in Israel as "Critically Endangered" (Dolev and Perevolotsky 2004) and in the International Union for Conservation of Nature's (IUCN) Red List of Threatened Species as "Near Threatened" (Vié et al. 2009 ). The fragmentation of the otter population in Israel and the decrease of migration events between the subpopulations can increase inbreeding, loss of genetic diversity, and susceptibility to disease (Templeton et al. 1990; Young et al. 1996; Hanski 1998; Bohonak 1999; Brook et al. 2002; Crooks 2002) . Reduction of genetic variability can result in the fixation of negative alleles and loss of fitness, such as survival, reproductive output, and growth rates, along with impaired ability to adapt to long-term changes in the environment (Crooks 2002) . Overall, this process can have profound negative effects on the short-and long-term viability of the population (Lacy 1997; Sherwin and Moritz 2000; Coulon et al. 2004) . Therefore, understanding the genetic structure of this threatened population is crucial for its conservation (Maudet et al. 2002; Eggert et al. 2004; Proctor et al. 2005; Aspi et al. 2006) . Moreover, a recent study conducted in Italy determined that the Israeli-Eurasian otter population is genetically different from European populations (Mucci 2008) . Thus, there is a critical need to determine the distribution, population size, and the genetic structure of the otter population in Israel before recommending any management strategies.
The goal of this research was to characterize the genetic profile of the Israeli-Eurasian otter population in order to determine its genetic diversity and state of fragmentation for conservation purposes. The genetic analysis demonstrates relationships among individuals, the degree of inbreeding, and the influence of habitat fragmentation on the migration of individuals and possible gene flow or genetic drift.
Materials and Methods

Materials for the Genetic Study
Tissue samples were collected from otter carcasses, mainly from road kills that were found by the Nature and Parks Authority rangers during 2000-2011. The tissue samples consisted of liver, muscle, and skin collected during autopsy at the National Collections of Natural History at Tel Aviv University, Israel, and excised ears from the Wildlife Tissue Collection of the National Natural History Collections at the Hebrew University of Jerusalem. All samples were frozen (−20 °C). For each carcass, detailed information was recorded, including location, probable cause of death, sex, and age (Supplementary Table S1 ). Fresh spraints found during the surveys were collected, kept in 70% ethanol, and refrigerated for genetic analysis (see Supplementary Material online). Multiple attempts were made to extract DNA from the spraints. Due to low success rates in amplifying DNA from spraints, these samples were not included in this study. Overall, 57 specimens were studied, representing four subpopulations based on the geographic location of collection: (1) the Hula Valley, (2) the Harod and Yisrael Valleys, (3) the Sea of Galilee Basin and the Jordan Valley, and (4) the Golan Heights (Supplementary Table S1 , Supplementary Figure  S1a ).
DNA Amplification and Genotyping
DNA was extracted using guanidine thiocyanate (GuHCL) and silica-based purification methods (Boom et al. 1990; Hoss and Paabo 1993) . Twelve microsatellite markers (LUT701, LUT832, LUT715 LUT717, LUT733, LUT818, 040T05, LUT435, LUT453, LUT457, LUT615, and LUT833) known to be highly variable among European otter populations (Dallas and Piertney 1998; Huang et al. 2005) were amplified via polymerase chain reaction (PCR). PCR was carried out in 25-µl volumes (5-7 µl of DNA extract, 10× PCR buffer, 0.2 mM of dNTPs, 3 mM of MgCl 2 , 0.4 µM of each primer, and 0.5 units/reaction of Taq polymerase). A touchdown PCR program was performed with an initial denaturation at 94 °C for 10 min followed by a total of 40 cycles of 15 s at 94 °C, 30-s annealing for 2 cycles each at 60, 58, 56, 54, 52 °C, and 26 cycles at 48 °C, and 45-s elongation at 72 °C, with a final extension time of 10 min at 72 °C. All samples were examined by gel electrophoresis to determine positive/negative amplification. Multiple negative extraction and amplification controls were included in each PCR to detect contamination. For all amplifications performed, no contamination was detected. The samples amplified successfully were diluted in to 1:100 ratio and genotyped at the Center of Genomic Technologies of the Hebrew University of Jerusalem on an ABI PRISM 3700 DNA Analyzer (Applied Biosystems).
Genotyping Analysis
Microsatellite alleles and initial statistical computations were examined and determined using the ABI software Genotyper and ABI PRISM GeneMapper (Chatterji and Pachter 2006) . Further analysis included a microsatellite quality check by MicroChecker® (Van Oosterhout et al. 2004 ) to detect abnormal allele frequencies, null alleles, and allele drop out.
Population genetic analysis was performed with Arlequin (Excoffier et al. 2005) and GenAlEx 6.5b2 (Peakall and Smouse 2001) . Clustering analysis using principal component analysis (PCA) was calculated on the basis of a pairwise, individual-by-individual (N × N) genetic distance matrix via GenAlEx (Peakall and Smouse 2001) . Population structure and hybridization was detected using the software STRUCTURE 2.4.4® (Pritchard et al. 2000 ) using a Bayesian clustering method with a burn-in period of 200 000 followed by 200 000 Markov chain Monte Carlo (MCMC) repeats and considering microsatellite frequencies correlated among populations. STRUCTURE was run under the admixture model, with correlated allele frequencies from K = 2 to K = 10 to explore clustering. The location prioritization (LOC PRIOR) model was employed in order to use sampling locations as prior information to assist the clustering of datasets of a relatively small number of samples. Each run was repeated three times to avoid deviations among the different runs. In order to identify the optimal value of K, we used the Structure Harvester (Earl and vonHoldt 2012) , which detects the number of groups that best fits the dataset based on the ∆K recommended by Evanno et al. (2005) .
Calculation of the inter-population genetic variance was performed via Arlequin 3.01 software (Excoffier et al. 2005 ). This included estimation of allele frequencies for each locus relevant to each population and calculation of expected (H e ) versus observed (H o ) heterozygosity values. Additionally, an analysis of variances (AMOVA) test was performed to examine the variable distribution within and between the Israeli populations and determining the fixation index (F st ) values (Excoffier et al. 2005) .
Results
Genetic Characterization of Otter Population
A total of 57 Eurasian otter carcass samples from four different geographic regions in Israel (Hula Valley, Sea of Galilee, Golan Heights, and Harod Valley) were genetically analyzed using 12 microsatellite markers. This sample collection comprises a large sampling of the estimated otter population in Israel, as the population was previously estimated at about 100 individuals . Unfortunately, the DNA quantity of 14 samples was limited; therefore, they were genotyped with only seven microsatellite markers. As a result of the limited sample size, we repeated the genetic analysis on the full set of 57 samples with 7 loci and on a subset of 43 samples with 12 loci. In most of the analyses, the results of the two sets were similar, indicating that the sample size or the number of loci studied had no significant effect on the results.
Sample distribution included 31 specimens (54.4%) found at the Hula Valley and the upper Jordan Valley, 11 specimens (19.3%) from the Harod and Yisrael Valleys, 11 specimens (19.3%) from the Sea of Galilee Basin and the Jordan Valley, and 4 specimens (7%) from the Golan Heights (Supplementary Table S1 ). Significant differences in sample size from the different habitats were due to unequal distribution of the otter, with the majority of the population observed in the Hula Valley. The majority (~84%) of the otter samples originated from road kills (n = 28, 49%), and an additional 20 specimens were found on road banks (35%). Other causes of death included poaching (two specimens, 3.5%), entrapment in bird and fish nets (four specimens, 7%), electrocution by an electric fence (one specimen, 1.75%), and unknown causes (Supplementary Table S1 ). Sex was determined for most carcasses based on visual inspection, identifying 20 males (35.1%), 26 females (45.6%), and 11 of undetermined sex (19.3%) (Supplementary Table S1 ).
All 12 microsatellite markers, originally used to genotype European otter populations, successfully amplified the DNA of the Israeli otter samples. All loci were polymorphic, but the levels of polymorphism were low, with a total of two to five alleles per locus. The mean number of alleles per locus was 2.6 (Table 1 ). The allele frequency of each of the seven loci (LUT701, LUT832, LUT715, LUT717, LUT733, LUT818, 040T05) was similar in the two sets (set 1 and set 2) regardless of the sample size (Supplementary Table S2 ). Significant variation in the allele frequency was detected among the subpopulations for all microsatellite loci. For example, the frequency of allele 167 in locus LUT733 was 0.35 in the Hula Valley, 0.84 in the Harod Valley, 0.11 in the Sea of Galilee, and absent in the Golan Heights (Supplementary Table S2 ).
Private alleles were detected in the Hula Valley subpopulation (LUT701, allele 200; LUT733, allele 179; 040T05, allele180; LUT457, allele 188) among 14 individuals and in two samples from the Golan Heights (LUT715, allele 171; LUT733, allele 171; LUT453, allele 131) (Supplementary Table S2 ). Null alleles and allele dropouts were not suggested in any of the 12 microsatellite markers.
Genetic variability as estimated by observed and expected heterozygosity within the region-based subpopulations was moderate, suggesting a genetically diverse population where outbreeding and dispersal may take place (Table 1) . Fixation index values were close to zero, indicating random mating (Table 1) . Fixation values in the Hula Valley subpopulation were higher than in the other subpopulations and ranged from 0.080 to 0.142, raising the possibility that selective breeding may occur in the subpopulations. It is possible that these values are the result of the small sample size studied and do not reflect the status of the subpopulations. In addition, no statistically significant deviations from Hardy-Weinberg were found when calculated for each locus separately. One locus (LUT818) was found to be monomorphic in the Harod Valley and Golan Heights subpopulations (Supplementary  Table S2 ). Genotyping results, using the microsatellite loci, assigned the sampled specimens into one of three clusters. STRUCTURE analysis, for both 7 and 12 microsatellite datasets, yielded a maximum probability of three clusters (Figure 1 ), supporting the subdivision of the samples into three subpopulations according to their geographical regions:
(1) the Hula Valley, (2) the Harod Valley, and (3) the Sea of Galilee and the Golan Heights, with the exception of two samples from the Yisrael Valley. One sample was assigned to the Harod Valley (E2) and the other to the Sea of Galilee and the Golan Heights (E1) (Figure 1 ). Four additional samples did not cluster with their original region of origin: three samples from Hula Valley (A8, A12, and A13) clustered with the Harod Valley and one sample from the Sea of Galilee clustered with Hula Valley (C11) (Figure 1) .
In the PCA, patterns of both sets (7 and 12 microsatellites) included clustering of three major groups, Hula Valley, Harod Valley, and the Sea of Galilee, with the Golan Heights. The analysis of both sets clustered the Harod Valley samples in close proximity to each other. Most of the Hula samples were also clustered in close proximity, but some were closer to samples of the Sea of Galilee and the Golan Heights. The same trend was detected for samples from the Sea of Galilee and the Golan Heights as well (Figure 2a,b) . Population PCA analysis showed that the three subpopulations clustered separately from each other (Figure 2c,d) . These findings were repeated in both datasets (Figure 2) . A summary of the population assignment test indicated that in set 1 (43 samples, 12 markers), 86% of the samples were assigned to the subpopulation that was identified based on their geographical origin. In set 2 (57 samples and 7 markers), 79% of the samples were assigned to their original subpopulation (Table 1) . Three samples from the Hula Valley (A3, A8, A12) were assigned to the Sea of Galilee, and two samples of the Sea of Galilee (C9, C11) were assigned to the Hula Valley. All of these samples are adjacent to the upper Jordan River region, indicating a route of dispersal among these subpopulations. In the Harod Valley, two samples were assigned to the Sea of Galilee (B1, B3) and one to the Hula Valley (B6). In addition, one sample from the Hula Valley (A36) and two from the Sea of Galilee (C2, C12) were assigned to the Harod Valley, suggesting a dispersal route through the lower Jordan River. The assignments of different samples to other subpopulations can indicate possible gene flow between the subpopulations along the Jordan River and the Sea of Galilee, connected by a suitable wetland habitat. The assignment test results support the PCA and the STRUCTURE analysis.
Clustering analysis, combined with biological and geographical data, divided the samples into three subpopulations, corresponding with their place of origin. Based on these results, the estimated genetic diversity between the subpopulations (F st and D est ) was calculated (Table 2 ). Both indices showed significant values ranging between 0.087 and 0.192 (P ≤ 0.001, computed after 1000 bootstraps over loci), generating similar results for both datasets (Table 2) . Overall, D est values were higher than F st values, yet both indices reflected a genetic diversity that supported three distinct subpopulations. The Israeli otter population F st values correspond with diversity values previously found among subpopulations across Europe (Mucci et al. 2010) .
To evaluate the genetic diversity of the Israeli otter population relative to other populations that have been surveyed with microsatellites, we compared our results with published results of European otter populations (Pertoldi et al. 2001; Dallas et al. 2002; Arrendal et al. 2004; Kalza et al. 2006; Hajkova et al. 2007; Janssens et al. 2008; Lanszki et al. 2008) . Among the Israeli population, most loci showed a low number of alleles (<5 alleles per locus) compared to the European populations, which had as many as nine different alleles per locus (Table 3) (Pertoldi et al. 2001; Janssens et al. 2008; Mucci 2008 ). The average number of alleles per locus in the Israeli population was 2.6, lower than that found in France, although sample sizes were similar (Table 3) (Pertoldi et al. 2001; Janssens et al. 2008) . As the allele number may be influenced by the sample size studied, we compared the overall observed heterozygosity to evaluate the genetic diversity of the Israel population and found it to be similar to observed heterozygosity in some European populations (Mucci et al. 2010 ; Table 3 ). We, therefore, believe that the small sample size studied in this research (equivalent to about a half of the estimated Israeli otter population based on previous estimates) represents the real genetic diversity of the otter population in Israel. 
Discussion
The genetic examination of otter specimens collected from various geographical locations in Israel revealed moderate genetic variability among individuals, suggesting recent or ancient gene flow among individuals from various locations. The high percentage (~88.3%) of samples that were assigned to their subpopulation of geographic origin indicates that there are differences among the subpopulations (Table 1) . The samples assigned to more than one subpopulation were mainly from the Sea of Galilee and from the Hula Valley. The connection between these subpopulations is through the Jordan Rift Valley, which may represent a possible dispersal route (Figure 3) . Moreover, the clustering of the Golan Heights specimens with samples from the Sea of Galilee indicates a close connection between the regions. The prevalence of otters in the Golan Heights may designate a possible subpopulation of the Sea of Galilee or Hula Valley with occasional connections along "winter streams" from the Golan Heights to the Jordan Valley. A connection between the Golan Heights otter population and otter populations in Syria is not reasonable because there are no wetland corridors that can be used for migration. In the dry climate of the Mediterranean region, wetland corridors are crucial for otter dispersal, as they can only cross a limited distance of terrestrial terrain (Kruuk 2006) . A reduction in heterozygosity, which may be caused by subpopulation structure, resulting in the different allele frequencies among subpopulations could be caused by the "Wahlund effect" (Hartl and Clarck 1997) . The underlying cause of this population subdivision could be geographic barriers to gene flow, suggesting that otters may be differentiated at a lower geographical scale similar to the scenario shown for the France and German otter populations in Europe (Randi et al. 2003 ). Furthermore, it is possible that the differentiation of the Hula Valley and Harod Valley subpopulations is due to isolation by distance owing to limited dispersal rate and reduced gene flow (Dallas et al. 2002) . Moreover, specimens found in the Golan Heights periodically over the years suggest that otters inhabiting this area are exposed to random immigrations and local extinctions repeatedly. The specimens from the Hula Valley were characterized by four private unique alleles and two additional alleles that were present in high frequencies compared to the other subpopulations (Supplementary Table S2 ). The presence of certain alleles only among individuals from the Hula Valley suggests a low rate of migration events as well as inbreeding and lack of gene flow with the other subpopulations. Although otters can disperse to the Sea of Galilee through the Jordan Valley, this migration was not very common. This supposed inferred barrier cannot be explained by geographical features because none are present in the region. On the contrary, the Hula Valley provides adequate conditions for migration of otters, offering a large area of wetland habitat, fishponds, natural water reservoirs, and sites with thick vegetation. Active spraints sites have been Figure S1) , further supporting a dynamic population in the region. Therefore, we hypothesize that ecological factors, such as abundance of food and presence of wetland habitats, decrease dispersal rate. These environmental conditions, offering an optimal habitat for otters, especially the abundance of different prey species (native versus cultivated fish), may decrease dispersal events, resulting in semi-fragmentation of the Hula Valley otter subpopulations and increasing the regional genetic differences within the Hula Valley. A similar situation was found in France, where despite the high mobility of otters, their distribution was limited by watershed limits (Janssens et al. 2006) . Moreover, although the otter is opportunistic, exploiting the most abundant prey available (Erlinge 1969; Taastrom and Jacobsen 1999; Guter 2004; Sales-Luís et al. 2009 ), in southwest England and Spain, otters were found to prefer native fish in their diet, although nonnative fish were of relative prominence in the area (Blanco-Garrido et al. 2008; Miranda et al. 2008) .
Genetic microsatellite markers used to characterize the European otter populations (Dallas and Piertney 1998; Huang et al. 2005; Mucci 2008 ) indicate that the IsraeliEurasian otter population is genetically unique and differs from European otter populations. Overall, the European otter populations were found to be more variable than the Israeli population, representing different alleles with different frequencies. The low genetic variability found in the Israeli otter subpopulations studied cannot be explained only by the small sample size, as shown in a comprehensive study of European otter populations (Mucci et al. 2010) . Therefore, other factors, such as distance between subpopulations (Dallas et al. 2002; Mucci et al. 2010) , genetic drift, inbreeding events (Larson et al. 2002; Frankham 2005) , or relatively recent demographic expansion from a small population, can be the cause of the low genetic diversity (Rogers and Harpending 1992; Harpending et al. 1998) . The genetic differences between the European and the Israeli otter population may indicate the isolation of the Israeli population and limited or absent gene flow between the European and Israeli populations. This finding correlates with the broad study of the European otter populations that indicated that otters in Europe are currently subdivided into a mosaic of subpopulations generated by both historical (fragmentation) and current (limited dispersal) factors (Mucci et al. 2010) . Conserving the otter population in Israel should be a priority as it is genetically distinct from the studied European otter populations, demographically remote, marks the southern boundary of the species' distribution in the Levant, and its population size is very small. Moreover, the otter is considered the top predator of wetland habitats in Israel and serves as a flagship species for biodiversity conservation of these habitats.
The surveys of otter spraints sites conducted in Israel during 2000-2011 support the genetic relationship found among the otter subpopulations (see Supplementary Material online) and suggest a stable population activity along the northeastern areas (Hula Valley, Sea of Galilee, and Jordan Rift Valley). In addition, groups of individuals that cannot be sustained were found to inhabit certain areas, such as the Golan Heights and the coastal plains. Spraints found occasionally since 2006 on the banks of the few streams along the northern part of the Israeli coastal area , and two otter road kills found in 2007 and 2008 along the coast and in the Yisrael Valley, indicate that these areas are periodically occupied by opportunistic otters, but this activity is only temporary (Guter and Dolev 2009 ). These findings suggest migration of otters into suitable unoccupied habitats along the coast, although the possibility of false absence must be taken into consideration. Based on our observations, we can consider two migration options: the first is a migration route from the Harod Valley to the Yisrael Valley (east to west) as exemplified by sample E2 from Kfar Baruch, which clustered with and was assigned to the Harod Valley subpopulation ( Figure 3) ; the second possibility is a migration route along the Mediterranean Sea, presumably from the Lebanese otter population along the coastal area, perhaps from the Litani River . The Lebanese otters, located at southeast Lebanon, may also interact with the otters in the Hula Valley that may disperse via the Jordan Valley to the Sea of Galilee. This may explain the similarity between the genetic profiles of samples as shown in the various clustering analyses and assignment tests (E1, Yisrael Valley) with samples from the Sea of Galilee (Figure 3 ). However, genetic or ecological information on the Lebanese otter population is absent, and a single dispersal event cannot account for continuous dispersal between the Israeli and Lebanese otter populations. Regardless of the dispersal route, the presence of otters in the Yisrael Valley is important for the connection of the coastal plain population with the eastern wetland habitats along the Jordan Valley. Movement of individuals between the northeastern and the west coastal plains may serve as a successful way for otter populations to recover in vacant habitats along the Mediterranean Sea (Janssens et al. 2006) . It is important to note that the limited number of specimens and spraints found in the Yisrael Valley during 2006 -2010 , and the absence of positive observations in 2011, cannot be explained by a lack of wetland habitats. Therefore, factors preventing otters from establishing a subpopulation in this geographical area are currently unclear.
To summarize, otters are present in wetland habitats of Israel, exhibiting stable activity along the northeastern regions and previously populated (2006) (2007) (2008) (2009) (2010) the northern coastal plains of the Mediterranean Sea. We believe that other environmental changes caused by anthropogenic activities (food availability, frequency of favored prey species, and changes in water quantity and quality), which were not studied in this research, also pose a threat to the otter population in Israel, as a decrease in active spraints sites has been documented in the past few years (Supplementary Figure S1) . Considering that the otter population in Israel is critically endangered and given the fact that natural colonization is not possible provides compelling argument for consideration of reintroduction programs as a viable alternative. We recommend the release of offsprings of captive Israeli otters in order to maintain the distinctive Israeli otter population. Moreover, the genetic characteristics of the otter subpopulations can be used as guideline in future noninvasive projects, based on otter spraints, to monitor the dynamics of the population.
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